Objective To clarify the differences in immunological and psychobehavioral characteristics of HTLV-1carriers and non-carriers with persistently low natural killer (NK) cell activity. Methods The individuals with persistently low NKcell activity were divided into HTLV-1carriers and non-carriers. NK cell activity, lymphocytic proliferation, lymphocyte subsets (CD4+, CD8+, CD16+, CD20+, CD56+), and psychobehavioral responses were examined.
Introduction
Natural killer (NK) cells are referred to as large granular lymphocytes (LGL) expressing CD16 (FcyR III) and CD56 (Leul9/NKH-1) as surface markers. The NKcell functions include immunological surveillance against tumors, control of viral infections, production of cytokines, and regulation of killer activity. Impaired NK cell activity can generally be identified in patients with congenital immunodeficiency ( 1 , 2), malignant tumors (3), autoimmune diseases (4), acquired immunodeficiency syndrome (AIDS) (5, 6) , HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP) (7), chronic fatigue syndrome (CFS) (8) , depression (9, 10) , and by stress (ll) . In addition to these conditions, the NKcell activity is knownto be reduced in healthy individuals who exhibit a high Hassles frequency and a high confusion score (12) . Wehave previously reported a significant decrease in NKcell activity in adults with chronic fatigue (13) . Such evidence that latent immunological depression is present (14) and that the NK cell activity is reduced (15, 16) in carriers of human T-cell leukemia virus type 1 (HTLV-1) has been reported by several investigators. However, other cellular immunefunctions, viral antibody levels, or psychobehavioral responses of HTLV-1 carriers with persistently low NKcell activity have not yet been discussed.
Since Kagoshima, in the southwestern part of Japan is noted as a high cluster (about 8%) of HTLV-1 carriers (17), the frequency of the carriers among individuals with low NKcell activity was noted. The purpose of this study was to clarify the 
Methods

Subjec ts
The NKcell activity of 296 outpatients were examined. These patients consulted the internal medicine or psychosomatic medicine due to general fatigue, dizziness, headache, nausea, palpitation, difficulty in breathing, chest pain, abdominal pain, diarrhea, or low grade fever and underwent detailed examination, but no organic disease was detected. Twenty-eight patients had been treated at a previous hospital with drugs for controlling gastric or intestinal function, Chinese medicine, or minor tranquilizer under a diagnosis of gastritis, irritable colon syndrome, autonomic imbalance or climacteric disturbance. The NK cell activity was analyzed by using an effector/target cell ratio of20 :1 and 10 :1 in 70 healthy adults, setting normal values (mean ±SD). The outpatients whose values were less than the mean-SDon two measurementsat a three-month interval were selected as the persistently low NKcell activity group. This group was composedof patients whowere positive for anti-HTLV-1 antibody (HTLV-1 carriers) and those who were negative (non-carriers). A healthy control group (n=20) with NKcell activity values within mean ±SDand without anti-HTLV-1 antibody was selected.
Procedure Anti-HTLV-1 antibody was screened using the particle agglutination (PA) test, and HTLV-1 provirus DNAincorporation was examined by Southern blot analysis. Those whotested positive in the PA test without HTLV-1 provirus DNAincorporation were regarded as HTLV-1carriers. The numberof leukocytes and lymphocytes in the peripheral blood was determined. The cellular immune functions were examined by determination of NK cell activity, lymphocytes subsets (CD3+, total T-cell; CD4+, helper/inducer T-cell; CD8+, suppressor/cytotoxic T-cell; CD16+, NK cell; CD20+, B-cell; CD56+; NKcell) and lymphocyte proliferation.
NKcell activity was measured using the 51Cr-release assay using K-562 cells as target. Theeffector cells: target cell ratios were set at 10 : 1 and 20 :1. The NKcell activity of the three control subjects was measured on every occasion for interassay control. Lymphocyte subsets were analyzed using a FACScan(Becton Dickinson, San Jose, CA) and the gates were set for lymphocytes. Lymphocyte proliferation test was performed with or without the stimulation with phytohemagglutinin (PHA), concanavalin A (Con A), or pokeweed mitogens (PWM).
The measurementof the antibodies to Epstein-Barr virus (EBV), early antigen (EA), viral capsid antigen (VCA), and nuclear antigen (NA) was performed with indirect immunofluorescence. The antibodies to herpes simplex virus (HSV) and cytomegalovirus (CMV)were assayed by complement fixation tests. All blood samples were obtained between ten and twelve AMto adjust for circadian periodicity. Weused the Japanese versions of Cornell Medical Index (CMI) (18, 19) to analyze psychophysical subjective symptoms. The psychobehavioral response was evaluated with the Maudsley Personality Inventory (MPI) test (20) while depression was assessed using the Zung Self-Rating Depression Scale (SDS) (21) . TheJapanese translated versions of these tests are routinely used throughout Japan.
Data analyses
The results were expressed as mean ±SD. Data analysis among the three groups was performed with one-way analysis of variance, and p values of <0.05 were considered statistically significant. Whensignificant differences were indicated, Bonferroni's test was used to test for the meandifferences among the three groups.
Results
The prevalence of outpatients with persistently low NKcell activity and HTLV-1 carriers The NKcell activity was persistently a low level in 30 of the 296 outpatients examined. The prevalence of asymptomatic HTLV-1carriers was 20 (7%) of the 296 outpatients. The NKcell activity of HTLV-1carriers (n=20) was a low level compared with healthy controls (p<0.05) as previously reported (15, 16) . Surprisingly, 10 (33.3%) of 30 persistently low NK cell activity outpatients were asymptomatic HTLV-1 carriers. Wedivided the 30 patients who showed persistently low NK cell activity into HTLV-1 carriers (n=10) and non-carriers (n=20). None of these subjects had been receiving medications and no significant differences in the age nor sex amongthe three groups could be identified (Table 1) .
Psychobehavioral responses of persistently low NK cell activity group and healthy controls The NKcell activity has been known to be reduced by depression, stress, and fatigue (9, ll, 13) . Therefore, we examined the psychobehavioral responses between the HTLV-1 carriers and non-carriers. Based on the CMItest, the HTLV-1non-carriers of persistently low NKcell activity group presented with physical complaints more frequently than those of the other two groups (F=3.5, p=0.04), especially in marked fatigue (F=9.9, p=0.0003) and a high frequency of diseases (F=7.9, p=0.001) ( No significant differences were observed between the HTLV-1 carriers with persistently low NKcell activity group and healthy controls in the use of parameters of the CMItest. Lymphocyteproliferative responses and lymphocyte subsets in peripheral blood of persistently low NKcell activity group and healthy controls No significant differences were observed in the peripheral blood leukocyte and lymphocyte counts among the three groups. Likewise, there were no significant differences in lymphocyte proliferation induced by PHA, ConA, and PWMamong the three groups. However, spontaneous lymphocyte proliferation was significantly increased in the HTLV-1carriers in the persistently low NKcell activity group, consistent with a previous reports (22, 23) (Table 3) . Regarding the lymphocyte subsets, the proportions of CD3+, CD4+,CD8+,and CD20+cells showed no distinction among the three groups (Table 4) . However, the proportions of CD16+ and CD56+cells, characterizing NKcell subsets, were significantly lower in the HTLV-1non-carriers than in the other two groups (F=8.37, p=0.0008 and F=8.0, p=0.001). No significant differences, however, in the proportions of CD16+and CD56+cells between the HTLV-1 carriers and the healthy controls were found.
Viral antibody titers of persistently low NKcell activity group and healthy controls
The geometric mean titers of VCA-IgGwere higher in persistently low NKcell activity group than in the healthy controls (p=0.03). The CMV-IgGlevel was also higher in the persistently low NKcell activity group than in the healthy controls (p=0.02), although no significant differences were observed between the HTLV-1 carriers and non-carriers. The HSVIgG antibody level was not significantly different among the three groups (Table 5) . 
Discussion
The percentage of HTLV-1carriers in their 40's living in Kagoshima prefecture is reported to be about 10% (24) . In this study, the percentage of HTLV-1carriers in outpatients was 7%. We found a higher percentage (33%) of HTLV-1carriers in the persistently low NKcell activity group. Yu et al (25) reported that low NKcell activity and the decrease in NK cell subsets (CD16+, CD56+, CD16-CD56+) were found in asymptomatic HTLV-1carriers. They concluded that the decrease in NKcell activity might have been related to the decreased cell numbers and not to the NKcell function itself. Our results, however, indicated that the NKcell subsets (CD 16+, CD56+) were not reduced in HTLV-1 carriers with persistently low NKcell activity compared with the healthy controls. The differences between the results of Yu et al (25) and the present results might be due to the selection of the subjects. Our subjects were asymptomatic HTLV-1 carriers with persistently low NKcell activity, whereas the subjects of the study of Yu et al were asymptomatic HTLV-1 carriers. No significant changes were observed in the HTLV-1 carriers with persistently low NKcell activity in psychobehavioral responses that affect the NKcell activity such as depression, anxiety, and fatigue compared with the healthy controls. Furthermore, the NKcell subsets were not reduced in this group compared with the healthy controls. These findings indicate that HTLV-1mayexert a certain impact upon NKcell activity.
Since HTLV-1has been demonstrated to infect NKcells activated in vitro by anti-CD16 mAb (26) , the present results suggest that in HTLV-1carriers with persistently low NKcell activity, the HTLV-1virus might infect NK cells and impair NK cell function without reducing the number of NKcells. The persistent decrease in NK cell activity in about 50%of the HTLV-1 carriers also suggests impairment of NKcell function by HTLV-1 virus.
Similarly, a reduction in the activity but not in the number
Persistently LowNKCell Activity of NKcells has already been reported in patients with another retrovirus-related entity, aquired immunodeficiency syndrome (AIDS) (27) . In this syndrome, the decrease of NKcell activity is ascribed hypothetically to HIV infection of the NKcells (28) . The mechanism of HIV infection was speculated to be through the infection of NKcells by human herpes virus 6 (HHV-6) which induces expression of CD4markers, thus promoting HIV infection (29) . The EB virus-related antibody levels are used as indices for the estimation of changes in immunefunction, and VCA-IgG is reported to increase whenabnormalities are present in NK cells (30) . The EB VCA-IgG and CMV-IgGwere higher in both HTLV-1 carriers and non-carriers of persistently low NK cell activity group than in the healthy controls. This result suggests that the high antibody titers against these viruses is due to the persistently low NKcell activity and not due to the HTLV-1 infection.
In HTLV-1 non-carriers with persistently low NKcell activity, NKcell subsets (CD16+, CD56+) were reduced. As for psychobehavioral responses, those belonging to this group complained of many physical and mental symptoms. Particularly, fatigue was frequently noted in various complaints. Anxiety, depression, tension, and maladjustment were characteristic in the mental complaintsand neuroticism wasnoted in this group. From these findings, the NKcell activity is considered to be reduced with a decrease in the number of NKcells due to the psychobehavioral characteristics in HTLV-1 non-carriers with persistently low NKcell activity. Interleukin-1 (IL-1 ), which transmits immunological information to the central nervous system, is produced under stress (3 1). IL-1 also directly promotes secretion of corticotropinreleasing-hormone (CRH) from the hypothalamus, leading to the activation of the hypothalamo-pituitary-adrenal (HPA) axis (32) . Cortisol, produced by the activated HPAaxis, was reported to inhibit the NKcell activity (33) . CRHactivates the sympathetic system, and increased norepinephrine suppresses the NKcell activity (34) . The hypothalamus is known to play a role of physiological pacemaker by regulating the NKcell activity via neuroendocrine hormones (35) . CRHappears to be produced in excess under stimulation by IL-1, if stress is not managed appropriately and chronic fatigue or depression and anxiety persist. From the neuroimmunological viewpoint, it is thought that CRHcauses reduction in the number and the activity of NKcells. NKcells are known to have antiviral activities and to play a role in the pathogenesis of viral infections. These effector functions allow the possibility that NKcells maycontribute to the long latent period characteristics of HTLV-1 infection and the onset of HTLV-1associated diseases, although the role of NK cells in the pathogenesis of HTLV-1infection remains to be elucidated. Fromthis study, the function and the numberof NKcells are affected by mental responses such as depression, anxiety and physical conditions such as fatigue as well as HTLV-1 infection. Since HTLV-1 may infect NKcells and impair NKcell function, further evaluation of these processes including follow-up of HTLV-1 carriers is anticipated.
